Ion implantation is used tor realization of the collector in vertical bipolar transistors in a BiCMOS process Secondary defects, remaining after annealing the implant damage, can give rise to an increased leakage current and to collector-emitter shorts Two methods are proposed to avoid dislocation formation First, by using multiple step implants, and second, by application of a carbon gettenng layer Experimental results show that these schemes can lower leakage currents, and moreover dramatically increase device yield However, the carbon profile needs a further optimization with respect to the quality of the collector-substrate junction 1 Introduction
Introduction
Due to a reduced lateral diffusion of the dopants, high-energy ion implantation results in an increased packing density compared with processes using conventional buried layers [1] The major problem with high-energy ion implantation is, however, the possible formation of dislocations after annealing [2] figure 3 . For cells with an emitter area of IO4 ¿¿m2, 65% of the emitters has a low resistive path to the collector, decreasing to 20% for devices with an area of 1200 /¿m2. The larger the area, the higher the probability that at least one dislocation crosses both the emitter-base and collector-base junctions. As can be seen from figure 3, the yield of the devices with 2-step implanted collectors is nearly 100%. For the collectors co-implanted with C, no excess collector current behaviour is observed at all. Thus an enormous improvement is achieved compared to the results for the standard bipolar transistors. The application of C as a gettering layer in the collector has also some dis¬ advantages. It turned out that the sheet resistivity increased from 350 ohm/sq for the standard implanted collector to 540 and 630 ohm/sq for the 2 and 5xl0u C/cm2 implanted structures, respectively. The leakage curent of the collector-substrate junc¬ tion is, however, stronger influenced. Figure 4 shows typical leakage current characteristics of collector-substrate junctions on wafer 2. In the case of the higher C dose, the results are even worse.
C-related defects increase the leakage of the collector-substrate junction. On the other hand, the presence of carbon in the collector region lowers the leakage at the collector-base junction. Typical reverse characteristics, comparing C co-implanted devices with standard devices for wafer 3, are shown in figure 5 . It is observed that the leakage currents are lower in the case of the higher C dose. The multiple step method also improves the leakage behaviour although not as well as the co-implanted C. This is presented in figure 6 
